2. We investigated a combination of establishment and management methods to enhance 6 botanical diversity of field margins in intensively managed grassland systems. The 7 method of field margin establishment was investigated by fencing, natural 8 regeneration by rotavation, or seeding with a wildflower mixture. Subsequent sward 9 management by either grazing or mowing was tested at three margin widths. Success 10 of establishment was addressed in terms of persistence of species richness, plant 11 community composition and incidence of noxious weeds. 12 3. Seeding with a wildflower mixture was the most successful establishment treatment to 13 enhance plant species richness and this effect persisted throughout the seven years of 14 the experiment ( x = 16.08 ± 0.50 s.e. plant species richness per 1x3 m 2 quadrat). 15 Fenced and rotavated treatments contained significantly fewer plant species per 16 quadrat ( x = 8.01 ± 0.36 s.e., x = 9.57 ± 0.39 s.e. respectively). 4. Grazing led to a modest increase in species richness in fenced and rotavated plots 18 compared to the mowing treatment, but had no effect in seeded plots. Grazing also led 19 to an increased frequency and cover of competitive grasses in the seeded treatment. 5. While margin width was not found to significantly influence species richness, 21 increased herb cover and reduced abundance of noxious weeds was recorded within 22 the wider, seeded margins. ). 15 Many floral and faunal species would have restricted ranges or be absent altogether from 16 intensively farmed land were it not for field boundary and field margin habitats (Marshall & 2002. Nine 90m long strips of grass sward were fenced off from the surrounding paddocks.
10
One of three field margin widths (1.5. 2.5, and 3.5m) was randomly assigned to each strip to 11 provide three replicates of each width (see Fig. S1 in Supporting Information).
12
Three establishment treatments investigated were: (1) fenced off from the main part of the 13 sward ('fenced'), (2) rotavated and allowed to regenerate naturally from the seed bank 14 ('rotavated'), and (3) rotavated and seeded with a grass and wildflower mixture ('seeded'). 15 Vegetation was removed prior to rotavation and reseeding, using a glyphosate herbicide at 16 recommended application rates. The seed mixture contained 10 grass and 31 herb species 17 ( Botanical data were collected using permanent, nested quadrats. Two, four and six 1 x 3m 6 quadrats were taken from the 1.5, 2.5 and 3.5m wide margins respectively (see Fig. S2 ).
7
Presence/absence data were recorded for the entire 1 x 3m quadrat. richness were investigated with all interactions between factors included in the full model.
22
Initial maximal models were refined by the sequential removal of all non-significant terms.
23
Minimal adequate models were identified by a process of assessment before and after the species (excluding weeds) and 3) grass species (monocotyledonous species). Species richness 12 and changes in abundance were analysed for each of these groups using a nonparametric 13 factorial analysis as in Brunner & Puri (2001) using Proc Mixed (SAS 9.1.1) with repeated 14 measures and a spatial covariance matrix. This method was used as the data were zero inflated 15 and could not be analysed using parametric methods. 16 Multivariate analysis using CANOCO 4.5 was used to investigate the main effects of analyses, the average temporal trend was removed by treating it as a continuous covariate. 10 The PRC diagrams correspond to the first and second RDA axes with species highly 11 correlated to each axis displayed to the right of the diagram. 12 
13

Results
14
A total of 76 higher plant species were recorded during the experiment. This included 50 15 herb, 17 grass, five woody, three rush, and one sedge species. A summary of species recorded 16 with > 5% frequency can be seen in Table 1 (Table S1 ). 21 
Effect of establishment method
22
Method of field margin establishment had the greatest influence on botanical species richness 23 (p < 0.0001, Table 2, Table 3 within seeded plots was maintained over the full experimental period with seeded plots 1 having the greatest species richness, followed by rotavated plots, and then fenced plots (p < 2 0.0001). Species richness of herbs showed a similar trend (p < 0.0001, Fig 1b) . Total species 3 richness also increased within the rotavated and fenced treatments; however, species richness 4 was always significantly higher in rotavated plots than in fenced ones. This increase in 5 species richness may be partially attributed to the movement of species from the seeded plots. (Table 1) . 8 Herb cover was also greatest in seeded plots during all sampling years (p <0.0001, Fig. 1c) . 9 There was a significant establishment treatment x time interaction (p < 0.0001, Table 3 ). The Effect of grazing 13 The interaction between grazing and establishment treatment was significant for total species 14 richness (p = 0.0017, Fig. 1a , Table 2 ). In seeded plots, grazing had no significant impact on 15 species richness, while in fenced and rotavated plots grazing significantly increased species 16 richness. Grazing increased the frequency of competitive grass species (Lolium perenne and 17 Poa trivialis) in rotavated and seeded plots (Table 1) . 18 
Effect of field margin width
19
There was a significant interaction between width and establishment treatment ( Table 2,   20 Fig.2a), with 2.5m rotavated plots having higher species richness than 1.5m and 3.5m 21 rotavated plots (p =0.013 and p = 0.044 respectively). Seeded plots showed a trend of 22 increasing species richness with width, although this was not significant. Fenced plots showed 23 an opposite trend, with species richness decreasing over increasing margin widths, i.e. species 24 richness was significantly greater in the 1.5m than in the 3.5m plots (p = 0.046). A significant Table 3 ) and generally decreased over time (Fig. 5 1d). This can largely be attributed to reductions in cover of Rumex species and C. vulgare 6 over time (Table 1) . Grazing did not significantly influence weed cover, however, the 7 interaction between margin width and establishment treatment was significant (p = 0.002, 8 Table 2 ). In seeded plots, weed cover decreased as width increased (p < 0.05; Fig. 2c ).
9
Species turnover 10 There was a significant interaction between establishment treatment and turnover period 11 (Table 4 , p < 0.0001). Relative species turnover was significantly higher in the seeded and 12 rotavated plots during the initial period compared with fenced plots (Fig. 3) . This was 13 primarily due to the loss of ruderal species in these plots following the establishment period.
14 There was also a significant interaction between grazing and turnover period (p = 0.012, (Table 4) . 21 Plant community composition 22 The Monte Carlo test showed a significant effect of establishment treatment, width, and 23 grazing, as well as an interaction between these factors on the plant species composition 24 ( (Table 5) . 
Soil
10
Grazing led to an increase in available soil magnesium and potassium compared to the mown 11 plots, but had no effect on soil phosphate levels in 2008(see Table S2 & Table S3 ). Our results imply that under intensive grazing systems, plant diversity can be enhanced 12 through the introduction of seed mixtures and this diversity can be maintained over time. 13 Wider margins allow better establishment of herbaceous cover and should be used when Table 4 . Effects of treatment, year, grazing and width and the interactions of these factors, on species turnover 11 rates of the experimental plots over the establishment period (year 1-2) and the experimental end point (year 5-12 6) and long-term duration (year 2-6). 13 Responses of (a) total species richness (mean species per quadrat ± SE), (b) herb percentage cover (mean 2 cover per quadrat ± SE), and (c) weed percentage cover (mean cover per quadrat ± SE) to establishment 3 treatment and margin widths: 1.5 (black) 2.5 (light grey) 3.5 (dark grey) (n = 36, 72, 108 for 1.5, 2.5 & 3.5m 4 widths respectively). 5 n.s. * P < 0.05., ** P < 0.01., *** P < 0.001. Table S3 . Effects of establishment treatment, grazing and width on Morgan's soil phosphate (P), potassium (K), and magnesium (Mg) of the experimental plots in 2008.
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